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Abstract
The intake of the mainly plant-derived n-3 PUFA a-linolenic acid (ALA) has been reported to be associated with a lower risk of CHD. However, the results have been inconsistent. Therefore, the objective of the present study was to examine the association between the intake of
ALA and the risk of CHD. Potential effect modification by the intake of long-chain n-3 PUFA (n-3 LCPUFA) was also investigated. Data from
eight American and European prospective cohort studies including 148 675 women and 80 368 men were used. The outcome measure was
incident CHD (CHD event and death). During 4 –10 years of follow-up, 4493 CHD events and 1751 CHD deaths occurred. Among men, an
inverse association (not significant) between the intake of ALA and the risk of CHD events and deaths was observed. For each additional
gram of ALA consumed, a 15 % lower risk of CHD events (hazard ratios (HR) 0·85, 95 % CI 0·72, 1·01) and a 23 % lower risk of CHD deaths
(HR 0·77, 95 % CI 0·58, 1·01) were observed. No consistent association was observed among women. No effect modification by the intake
of n-3 LCPUFA was observed.
Key words: a-Linolenic acid: CHD: Epidemiology

CHD is the leading cause of morbidity and mortality in the
world(1). CHD arises from genetic and modifiable lifestyle factors including diet. One of the important dietary components
identified is the low intake of n-3 PUFA. The marine productderived long-chain n-3 PUFA (n-3 LCPUFA), EPA and DHA,
have for long been the main focus of research with regard
to the importance of n-3 PUFA in relation to CHD. Since the
pioneering studies carried out among Greenland Eskimos

have suggested that high intakes of EPA and DHA can protect
against CHD(2), many studies and meta-analyses have confirmed this association(3 – 7). However, the long-term association between the intake of the mainly plant-derived n-3
PUFA a-linolenic acid (ALA) and the risk of CHD is not
clear(8 – 11). A recent meta-analysis of three prospective studies
carried out in 2012 has suggested that each 1 g/d of ALA intake
is associated with a 20 % lower risk of CHD events(11).

Abbreviations: ALA, a-linolenic acid; ARIC, Atherosclerosis Risk in Communities Study; ATBC, Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study;
FMC, Finnish Mobile Clinic Health Examination Survey; HPFS, Health Professionals Follow-up Study; HR, hazard ratio; IIHD, Israeli Ischemic Heart Disease
Study; IWHS, Iowa Women’s Health Study; LA, linoleic acid; n-3 LCPUFA, long-chain n-3 PUFA; NHS, Nurses’ Health Study; VIP, Västerbotten Intervention
Program; WHS, Women’s Health Study.
* Corresponding author: M. S. Vedtofte, fax þ45 38 16 31 19, email mia.sadowa.vedtofte@regionh.dk
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The intake of fish and other marine products is limited in
many countries, and ALA primarily from plant oils and nuts
(e.g. rapeseed oils, walnuts and soyabean) is the predominant
source of n-3 PUFA in the typical Western diet. In the human
body, ALA is converted into n-3 LCPUFA by desaturation and
elongation, but this conversion is limited and generally much
lower in men than in women(12,13). The effect of ALA intake
on the risk of CHD may be influenced by n-3 LCPUFA,
because they, via feedback inhibition of the activity of D6desaturase (the key limiting enzyme), regulate the conversion
of ALA into n-3 LCPUFA. Therefore, it is possible that ALA may
particularly reduce the risk of CHD among individuals with a
low intake of n-3 LCPUFA(14).
In the present study, we investigated the association
between ALA intake and CHD risk in populations consuming
different diets and exhibiting a wide range of ALA intakes,
using data from eight American and European prospective
cohort studies included in the Pooling Project of Cohort
Studies on Diet and Coronary Disease. We hypothesised that
the intake of ALA was inversely associated with the risk of
CHD and that the inverse association between the intake of
ALA and the risk of CHD was stronger in subjects with a
low intake of n-3 LCPUFA than in those with a high intake
of n-3 LCPUFA.

Subjects and methods
Study population
A total of eleven prospective cohort studies (the Adventist
Health Study(15), the Atherosclerosis Risk in Communities
Study (ARIC)(16), the Alpha-Tocopherol, Beta-Carotene
Cancer Prevention Study (ATBC)(17), the Finnish Mobile Clinic
Health Examination Survey (FMC)(18), the Glostrup Population
Study(19), the Health Professionals Follow-up Study (HPFS)(20),
the Israeli Ischemic Heart Disease Study (IIHD)(21), the Iowa
Women’s Health Study (IWHS)(22), the Nurses’ Health Study
(NHS)(23), the Västerbotten Intervention Program (VIP)(24),
and the Women’s Health Study (WHS)(25)) met the following
criteria and were included in the Pooling Project of Cohort
Studies on Diet and Coronary Disease: (1) a published
prospective study with at least 150 incident CHD cases; (2) a
study determining usual dietary intake using a FFQ, a dietary
history interview, or a 7 d weighed food record at baseline; (3)
a validation or a repeatability study of the dietary intake
assessment method. Among these studies, three (the Adventist
Health Study, the Glostrup Population Study and the IIHD)
were excluded from the present analysis due to lack of information on ALA intake. The characteristics of the remaining
eight studies, five carried out in the USA, two in Finland and
one in Sweden, are summarised in Table 1. From the cohorts,
we excluded individuals who were aged , 35 years, had a
history of CVD, diabetes, or cancer (except non-melanoma
skin cancer), and had an extreme energy intake, i.e. intakes
greater or less than three standard deviations from the
study-specific log-transformed mean energy intake of the
baseline populations. The final study population consisted
of 229 043 persons (65 % women).

Habitual dietary intake determination
Habitual dietary intake was determined at baseline using a FFQ
in seven of the cohort studies and by a dietary history interview
in one cohort study (Table 1). The FFQ that were used in the
ARIC, the NHS, the HPFS, the WHS and the IWHS were similar
or a modified version of the original sixty-one-item Willett FFQ
developed in 1980(23). However, as the FFQ were modified, the
number of items in each study differed; the FFQ used in the
ARIC, the HPFS, the WHS and the IWHS contained 66, 131,
131 and 116 items, respectively. As the ARIC used the oldest version of the FFQ with only sixty-six items, it did not have the
same details on, for example, cooking oil. In the NHS carried
out in 1980, a sixty-one-item FFQ was used to assess dietary
intake. The questionnaire was expanded to 116 items in 1984
and administered in 1986 and 1990. The data from the NHS
used in the present study were those obtained in 1986. The participants were asked to report how often, on average, they had
consumed given amounts of the various specified foods during
the previous year. The average daily intake of nutrients was
then computed by multiplying the frequency of intake by the
nutrient composition of the specified portion size. The composition values of ALA (and other nutrients) were obtained from
the Harvard University food composition database and the US
Department of Agriculture(26). The Finnish FFQ used in the
ATBC included 276 food items, and the participants were
asked to report their usual intake and portion size of foods
during the previous year(17,27). The type of fat used on bread,
which is an important source of fat in the Finnish diet, was
specified by the brand name of the product(28). The fatty acid
content of the foods was based on analyses of seventy-seven
fatty acids present in Finnish foods carried out at the Department of Food Chemistry, University of Helsinki(28). The questionnaire used in the VIP(24) included eighty-four food items.
The subjects were asked to report their habitual dietary intake
during the previous year and typical portion sizes were indicated using colour photographs. The average daily intake was
calculated by multiplying the frequency of intake by a portion
size value using the Swedish national food composition database(24). The FMC used a dietary history interview, where the
interviewer asked the participants about their habitual dietary
intake during the previous year(29). The subjects reported
their food intake on a daily, weekly or monthly basis. The ingredients of mixed foods were broken down into components
using a recipe file and the intake of fruits and berries, vegetables, and cereals as well as the subgroups of these food
categories and separate food items such as dairy and meat
products was calculated per d. The total energy intake was
calculated from the intake of protein, fat and available carbohydrates according to the Finnish food composition tables(29).

Outcome
The outcome of interest was incident CHD events (fatal and
non-fatal). Because only the IWHS had self-reported data on
incident CHD, we only used data on fatal CHD events from
this study. All studies used standardised criteria to define
non-fatal and fatal CHD cases(30).
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Table 1. Characteristics of the cohort studies included in the Pooling Project of Cohort Studies on Diet and Coronary Disease
(Median values and 80 % central ranges)
Dietary PUFA intake (energy adjusted, g/d)
Age at baseline
(years)

Women
ARIC
FMC
IWHS
NHS
VIP
WHS
Men
ARIC
ATBC
FMC
HPFS
VIP
Women, total
Men, total
Total

Number of CHD
events

Median

80 %
Central
range

Median

80 %
Central
range

FFQ
DH
FFQ
FFQ
FFQ
FFQ

0·70
0·53
0·94
0·97
1·26
0·92

0·54 – 0·90
0·42 – 0·87
0·71 – 1·25
0·72 – 1·33
0·96 – 1·81
0·69 – 1·26

0·21
0·15
0·13
0·18
0·10
0·15

0·05 – 0·62
0·06 – 0·36
0·02 – 0·35
0·06 – 0·42
0·03 – 0·23
0·05 – 0·36

FFQ
FFQ
DH
FFQ
FFQ

0·93
1·20
0·68
1·12
1·73
1·01
1·17
1·06

0·72 – 1·20
0·74 – 1·92
0·55 – 0·98
0·83 – 1·54
1·27 – 2·51
0·58 – 1·64
0·64 – 1·62
0·60 – 1·06

0·20
0·34
0·23
0·26
0·12
0·15
0·26
0·19

0·03 – 0·62
0·16 – 0·66
0·09 – 0·59
0·07 – 0·58
0·03 – 0·30
0·04 – 0·42
0·06 – 0·66
0·05 – 0·50

Median

80 %
Central
range

Total
CHD
events

CHD
deaths

Total
CHD
events

CHD
deaths

Dietary intake
assessment
method

6481
2481
30 180
61 706
10 555
37 272

53
49
61
52
50
52

47 – 62
38 – 65
56 – 67
43 – 62
40 – 60
46 – 64

9·2
10·0
–
10·0
4·1
5·3

–
10·0
10·0
10·0
–
5·3

123
162
–
696
23
152

–
48
294
208
–
10

5240
21 141
2712
41 754
9521
148 675
80 368
229 043

54
57
47
53
50

47 – 63
51 – 65
37 – 63
42 – 67
40 – 60

9·2
6·0
10·0
9·7
4·1

9·2
6·1
10·0
9·7
4·1

269
1339
322
1273
134
1156
3337
4493

51
534
147
421
38
560
1191
1751

Country

Year of
inception

Baseline
cohort sample
size*

USA
Finland
USA
USA
Sweden
USA

1987
1966
1986
1986
1992
1993

USA
Finland
Finland
USA
Sweden

1987
1985
1966
1986
1992

EPA þ DHA

ALA

a-Linolenic acid and risk of CHD

Study

Median follow-up
time

ALA, a-linolenic acid; ARIC, Atherosclerosis Risk in Communities Study; FMC, Finnish Mobile Clinic Health Examination Survey; DH, dietary history interview; IWHS, Iowa Women’s Health Study; NHS, Nurses’ Health Study;
VIP, Västerbotten Intervention Program; WHS, Women’s Health Study; ATBC, Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; HPFS, Health Professionals Follow-up Study.
* Sample size after the exclusion of subjects with a baseline age ,35 years, baseline CVD, cancers, and diabetes mellitus, very high or low reported energy intake and missing information on dietary PUFA intake.
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Statistical analyses
Within each study, hazard ratios (HR) with 95 % CI for the incidence of fatal and non-fatal CHD events were calculated using
Cox proportional hazards regression with follow-up duration
in the study (years) as the time metric(31). The observation
time for each participant was defined as the date on which
information on dietary intake was obtained and until the
occurrence of CHD, death from another cause, disappearance
or end of the follow-up, whichever came first. Studies with
follow-up periods of more than 10 years were truncated to
reduce possible effect modification by time. The analyses
were carried out separately for men and women. The intake
of ALA was adjusted for total energy using the residual
method and modelled as a continuous variable followed by
analyses with ALA intake as a categorical variable, in quintiles,
and also as a binary variable (below/above the median).
Subsequently, to assess possible effect modification by the
intake of n-3 LCPUFA, we stratified analyses with ALA and
n-3 LCPUFA intakes using combined categories of higher
(.median) v. lower (, median) intake. Furthermore, analyses
were carried out to explore possible age-related differences in
the association between ALA intake and CHD risk. The study
population was divided into two age groups in further analyses: those aged , 60 years at baseline and those aged $60
years at baseline. The study-specific logs of HR were weighted
by the inverse of their variances, and a pooled (combined)
estimate of the HR was computed using a random-effects
model. Evidence for between-study heterogeneity among the
study-specific HR was examined using the estimated
between-study variance component Q statistic(31).
The following potential confounders were included in the
statistical models: BMI (,23, 23 – 25, 25 – 30, or . 30 kg/m2);
highest attained educational level (, high school, high
school, or .high school); smoking habits (non-, ex-, and
current-smokers and in the last category 1 – 4, 5 –14, 15 – 24,
or $ 25 cigarettes/d); physical activity (five levels); alcohol
intake (0, 0 to , 5, 5 to , 10, 10 to ,15, 15 to , 30, 30 to
, 50, or .50 g/d); total energy intake (the sum of intakes of
energy derived from fat, carbohydrates and protein in kJ/d);

SFA, trans-fatty acid, MUFA, linoleic acid (LA), and n-3
LCPUFA intake in g/d; quintiles of dietary fibre intake; history
of hypertension (yes or no). The association between the
intake of ALA and the risk of CHD was investigated using
three models. Model 1 included energy-adjusted intake of
ALA in g/d and age at baseline (years), as well as the calendar
year in which the baseline diet questionnaire was returned.
The variables were entered into the model through the
STRATA statement. Model 2 included the variables of model
1 and the following known risk factors for CHD: BMI; educational level; smoking habits; physical activity; history of
hypertension. Model 3 included the variables of model 2
and the following dietary risk factors: alcohol intake; total
energy intake; quintiles of fibre intake; trans-fatty acid, SFA,
MUFA, LA, and n-3 LCPUFA intake. We tested ALA intake for
nonlinearity by including an energy-adjusted ALA variable
squared to the model and pooled the effect estimate for this
term. The analyses were carried out using SAS 9.2 statistical
software (SAS Institute, Inc.).

Results
The characteristics of the cohort studies are given in Table 1.
During 4 – 10 years of follow-up, 4493 CHD events and 1751
CHD deaths occurred among the 229 043 subjects. The 10th,
50th and 90th percentiles of energy-adjusted intake of ALA
were 0·58, 1·01 and 1·64 g/d in women, respectively, and
0·64, 1·17 and 1·62 g/d in men, respectively. The intake of
ALA was modestly correlated with the intake of LA (Pearson’s
correlation ¼ 0·42, P,0·0001), but there was no correlation
between the intake of ALA and that of n-3 LCPUFA (Pearson’s
correlation ¼ 20·005, P¼ 0·007).
Combined HR and 95 % CI for CHD events and deaths for
an increase of 1 g/d in the intake of ALA are given in Table 2.
There was a tendency towards a significant effect modification
by sex for ALA v. CHD death (P for interaction¼0·07). Among
men, a non-significant inverse association was observed
between the intake of ALA and the risk of CHD events and
deaths. For each additional gram of ALA consumed, a 15 %

Table 2. Combined risk of CHD events and deaths for an additional intake of 1 g/d of a-linolenic acid (ALA)
(Hazard ratios (HR) and 95 % confidence intervals)*
All

ALA, CHD events
Model 1†
Model 2‡
Model 3§
ALA, CHD deaths
Model 1†
Model 2‡
Model 3§

Women

Men

HR

95 % CI

P for effect
modification
by sex

0·94
0·93
0·88

0·82, 1·08
0·84, 1·04
0·75, 1·02

0·95
0·88
0·42

1·07
0·96
1·02

0·66, 1·74
0·67, 1·39
0·65, 1·59

0·95
0·95
0·85

0·86, 1·05
0·86, 1·05
0·72, 1·01

0·95
0·96
0·88

0·82, 1·09
0·83, 1·11
0·68, 1·14

0·62
0·97
0·07

1·04
0·96
1·23

0·64, 1·68
0·64, 1·45
0·80, 1·89

0·93
0·96
0·77

0·80, 1·09
0·82, 1·13
0·58, 1·01

HR

95 % CI

HR

95 % CI

* Data were analysed using Cox proportional hazards regression.
† Model 1 included energy-adjusted intake of ALA expressed in g/d. Age at baseline (years) and the calendar year in which the baseline questionnaire was returned were entered into the model through the STRATA statement.
‡ Model 2 included the variables of model 1 and the following known risk factors for CHD: smoking habits; BMI; physical activity; educational level;
history of hypertension.
§ Model 3 included the variables of model 2 and the following dietary risk factors: alcohol intake; total energy intake (where alcohol is excluded);
fibre intake; MUFA, SFA, trans-fatty acid, long-chain n-3 fatty acid, and linoleic acid intake.
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Men, CHD event
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Fig. 1. Study-specific and combined risk of CHD events for each additional g/d intake of a-linolenic acid in (A) women and (B) men in the Pooling Project of Cohort
Studies on Diet and Coronary Disease. The multivariate model was adjusted for age at baseline and the calendar year in which the baseline questionnaire was
returned, smoking habits, BMI, physical activity, educational level, history of hypertension, alcohol intake, total energy intake, fibre intake, and MUFA, trans-fatty
acid, SFA, linoleic acid, and long-chain n-3 PUFA intake. Within each study, hazard ratios (HR) with 95 % CI for the incidence of a CHD event and CHD death
were calculated using Cox proportional hazards regression. Values are study-specific HR (V), with 95 % CI represented by horizontal lines. The area of the
V reflects the study-specific weight. The ‘total V’ represents the pooled HR and 95 % CI. (A) P for heterogeneity¼ 0·33; combined HR 1·02, 95 % CI 0·65, 1·59;
(B) P for heterogeneity¼ 0·37; combined HR 0·85, 95 % CI 0·72, 1·01. ARIC, Atherosclerosis Risk in Communities Study; ATBC, Alpha-Tocopherol, Beta-Carotene
Cancer Prevention Study; FMC, Finnish Mobile Clinic Health Examination Survey; HPFS, Health Professionals Follow-up Study; WHS, Women’s Health Study;
NHS, Nurses’ Health Study; VIP, Västerbotten Intervention Program.

lower risk of CHD events (HR 0·85, 95 % CI 0·72, 1·01) and a
23 % lower risk of CHD deaths (HR 0·77, 95 % CI 0·58, 1·01)
were observed. Among women, no consistent association
was observed between the intake of ALA and the risk of
CHD events (HR 1·02, 95 % CI 0·65, 1·59) or CHD deaths
(HR 1·23, 95 % CI 0·80, 1·89). Because the ARIC used the
FFQ with only sixty-six items, we carried out an additional
analysis without including the ARIC; however, this did not
alter the findings (data not shown). The study-specific and
combined HR and 95 % CI for CHD events and deaths for an
increase of 1 g/d in the intake of ALA are shown in Figs. 1
and 2. The test for the presence of heterogeneity among the
individual studies did not indicate any significant differences
(P for heterogeneity among the studies were 0·33 and 0·72
for CHD events and deaths, respectively, among women and
0·37 and 0·39 for CHD events and deaths, respectively,
among men). In analyses with ALA intake in quintiles, the
lowest risk of CHD events was observed among those in the
fifth quintile than in those in the first quintile among both
(A)

women and men, but the differences were not significant
(data shown in online supplementary Fig. S1). Among men,
the lowest risk of CHD deaths was also observed in those in
the fifth quintile than in those in the first quintile, but the
differences were not significant (data shown in online supplementary Fig. S1). When the intake of ALA was evaluated
as higher (.median) v. lower (,median) among men, a
significantly lower risk of CHD events was observed among
men with an ALA intake value above the median (1·17 g/d)
than in those with an intake value below the median (HR
0·91, 95 % CI 0·83, 1·00). No significant differences
were observed among women when the intake of ALA was
evaluated as higher (.median) v. lower (, median) or
among men when the outcome was CHD deaths (data given
in Table S1, available online).
When assessing whether the association between ALA
intake and CHD risk was modified by n-3 LCPUFA, the
intake of ALA was found to be most strongly associated with
the risk of CHD events among men (Fig. 3). However, none
(B)

Women, CHD death

Men, CHD death

FMC

ARIC

IWHS

ATBC

NHS

FMC

WHS

HPFS
VIP

Combined
Combined
0·5 1

5 10 25

0·5 1

5 10

25

Fig. 2. Study-specific and combined risk of CHD death for each additional g/d intake of a-linolenic acid in (A) women and (B) men in the Pooling Project of Cohort
Studies on Diet and Coronary Disease. The multivariate model was adjusted for age at baseline and the calendar year in which the baseline questionnaire was
returned, smoking habits, BMI, physical activity, educational level, history of hypertension, alcohol intake, total energy intake, fibre intake, and MUFA, trans-fatty
acid, SFA, linoleic acid, and long-chain n-3 PUFA intake. Within each study, hazard ratios (HR) with 95 % CI for the incidence of a CHD event and CHD death
were calculated using Cox proportional hazards regression. Values are study-specific HR (V), with 95 % CI represented by horizontal lines. The area of the
V reflects the study-specific weight. The ‘total V’ represents the pooled HR and 95 % CI. (A) P for heterogeneity¼ 0·72; combined HR 1·23, 95 % CI 0·80, 1·89;
(B) P for heterogeneity¼ 0·39; combined HR 0·77, 95 % CI 0·58, 1·01. ARIC, Atherosclerosis Risk in Communities Study; ATBC, Alpha-Tocopherol, Beta-Carotene
Cancer Prevention Study; FMC, Finnish Mobile Clinic Health Examination Survey; HPFS, Health Professionals Follow-up Study; IWHS, Iowa Women’s Health
Study; NHS, Nurses’ Health Study; VIP, Västerbotten Intervention Program; WHS, Women’s Health Study.
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0·5

Women
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Fig. 3. Risk of (A) CHD events and (B) CHD deaths associated with each 1 g/d of a-linolenic acid (ALA) intake, among men and women with below (X) or above
(f) median n-3 long-chain PUFA intake (women: 0·15 g/d; men: 0·26 g/d). Values are hazard ratios (HR), with 95 % CI represented by vertical bars. Data were
analysed using Cox proportional hazards regression. The model was adjusted for age at baseline and the calendar year in which the baseline questionnaire was
returned, smoking habits, BMI, physical activity, educational level, history of hypertension, alcohol intake, total energy intake, fibre intake, MUFA, trans-fatty acid,
SFA, and linoleic acid intake. No significant differences were observed in women ((A) P¼0·42 and (B) P¼0·43) and men ((A) P¼0·92 and (B) P¼0·79).

of the analyses revealed a significant association and no effect
modification was observed. Carrying out analyses the same as
those used to obtain data shown in Fig. 3, but with the cut-off
values of n-3 LCPUFA of 0·1 g, suggested by Mozaffarian
et al.(14), was not possible, due to the limited number of
cases in the lowest-intake group. In interaction analysis with
a common reference (low ALA intake and low n-3 LCPUFA
intake), the lowest risk of CHD events was observed among
women with a high intake of ALA intake and a low intake
of n-3 LCPUFA (HR 0·83, 95 % CI 0·68, 1·02; P for
trend¼0·06) than among those with a low intake of both
types of n-3 PUFA (Table S2, available online). Among men,
the lowest risk of CHD was observed when both ALA and
n-3 LCPUFA intakes were high. In age-stratified analyses, the
intake of ALA was not significantly associated with the risk
of CHD and no effect modification by age was observed
(data not shown).

Discussion
In the present study, we found a non-significant inverse
association between the dietary intake of ALA and the risk
of incident CHD events and CHD deaths among men. The
pooling of data from eight large cohort studies is a major
strength of the present study and allowed studying the association between the intake of ALA and the risk of CHD among
women and men in different populations consuming different
diets and exhibiting a wide range of intakes. Variations in
intake are essential for detecting potential associations with
health. Furthermore, an advantage of using a pooling study
design rather than a meta-analysis is that this design greatly
reduces the risk of publication bias, because results originated
both from studies that did not previously publish on the
association between ALA intake and CHD risk and from
studies that did. Indeed, only three of the eight studies
included (NHS(26,32), ATBC(28) and HPFS(14,33)) had reported
results from such an analysis earlier. Another strength of this
pooled study is that data on the intake of ALA as well as
covariates were harmonised and the same statistical approach
was used across all the studies. Habitual dietary intake was

determined using validated FFQ or by dietary history interviews. ALA levels in human tissue may provide a more accurate measure of habitual ALA intake than dietary records or
questionnaires. However, ALA status in tissues may be influenced by metabolic differences between subjects with regard
to genetics, sex and background diet, and day-to-day variations in tissue levels cannot be excluded either. The fact
that our particular pooling study of prospective cohorts
required an assumption of no changes in diet over time may
also contribute to measurement error over time. Repeated
measurements are required to reduce this, but these were
available only for a small selected subset. Furthermore, the
PUFA composition of foods, e.g. butter, have changed over
time, meaning that even though people have used the same
type and amount of butter during their lifetime, their fatty
acid intakes have changed. This change is partly explained
by the change in the practice of feeding ruminants with
concentrated cereal grain-based feed rather than with grass,
which is naturally rich in ALA. At the inception of the NHS
and the HPFS in 1986, approximately 15 – 20 % of ALA was
derived from beef and dairy sources, but this percentage
waned with follow-up.
Fatty acid compositions vary a lot in ready-made dishes and
take-away foods, as well as in biscuits and cakes (depending
on whether the fat used is of animal or plant origin). Furthermore, ALA (and fat in general) is difficult to be recognised and
quantified in questionnaires and interviews, due to its role in
food preparation – frying and cooking as well as a component
in sauces and dressings. This could lead to random misclassification of ALA intake, which may result in the attenuation of
associations. In the USA, e.g. in the NHS and the HPFS, the primary source of ALA is mayonnaise or other creamy dressings
or oil and vinegar salad dressing, which may be difficult to be
quantified using FFQ. Because salad dressings are major
sources of ALA, ALA may be a proxy for vegetable intake;
therefore, it could have been interesting to carry out stratified
analyses on the intake of vegetables/salad in an attempt to
remove confounding by the intake of vegetables/salad. We
did not make any adjustment for vegetable/salad intake,
because we did not have these data for all the cohorts
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included in the Pooling Project of Cohort Studies on Diet and
Coronary Disease, and one principle of pooling is to treat all
cohorts the same (same confounders). However, a previous
study using data from only the NHS has made further adjustment for vegetable intake without any change in the
results(26). However, the association could still have been
influenced by a generally healthier lifestyle and diet of those
who consumed more vegetables or salad. Another challenge
in evaluating the association between ALA intake and CHD
risk is that the intakes of LA and ALA are difficult to be differentiated, as they are often present in the same product, e.g.
soyabean oil, margarine and mayonnaise. However, in the
present study, the correlation coefficient was only 0·42, thus
enabling statistical adjustment of LA intake in the multivariate
analyses.
Several prospective cohort studies have evaluated the
association between ALA intake and CHD risk and obtained
inconsistent results(14,26,28,32 – 34). Indeed, our findings are in
line with those of a recent meta-analysis of thirteen prospective studies carried out in 2012 showing that higher ALA
intakes (each 1 g/d increment) are associated with a 10 %
lower risk of incident CVD (HR 0·90, 95 % CI 0·81, 0·99)(11).
However, in the evaluation of the association between the
intake of ALA and the risk of CVD subtypes, CHD events
and CHD deaths, only three studies were included in the
meta-analysis of CHD events and six studies in the analysis
of CHD deaths and the association was found to be significant
only for ALA intake and CHD deaths (HR 0·80, 95 % CI 0·65,
0·98) (ALA and CHD events: HR 0·84, 95 % CI 0·61, 1·15). Of
these nine studies, four used cohorts that were also included
in the present study (NHS, HPFS and ATBC). Only two of
the nine studies were conducted in women (data from the
NHS)(26,32) and six were conducted solely in men(28,33,35 – 38),
whereas the last study was conducted in a sample of both
the sexes, with 27 % women and 73 % men(39). In the present
study, we obtained different results for women and men.
Whether the different results obtained for women and men
reflect true biological differences or are due to power or are
caused by some kind of bias remains to be determined. On
the other hand, an inverse association between ALA intake
and CHD risk is theoretically more likely among women
than among men, as several studies have shown that the conversion of ALA into n-3 LCPUFA is stimulated by oestrogen
and is greater in women(12,13). The association between ALA
intake and CHD risk has been evaluated by two prior studies
in women, with both being carried out using data from the
NHS(26,32) and included in the recent meta-analysis by Pan
et al.(11). In one of these studies, Hu et al.(26) found that the
intake of ALA is associated with a lower risk of CHD deaths
(after 10 years of follow-up). In the other study, carried out
by Albert et al.(32), analyses were carried out for both
sudden death and overall CHD death and no association
was found between the intake of ALA and the risk of total
CHD deaths (after 18 years of follow-up). Albert et al.(32) concluded that the beneficial effects of ALA intake on CHD deaths
found by Hu et al.(26) were probably due to its beneficial
effects on sudden deaths, which account for a higher proportion of CHD deaths in younger women. Both these studies
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carried out using data from the NHS used a simple updated
analysis that used the most recent ALA value available,
which may explain the deviation of the results of the NHS in
the present study. Furthermore, the age distribution in the
present study was similar for both men and women, but
the number of female cases was lower (death ¼ 560 and
event ¼ 1156) than that of male cases (death ¼ 1191 and
event ¼ 3337), because women, in general, are older
when they experience CHD. Therefore, the estimate of an
association between ALA intake and CHD risk among
women may be statistically unclear, which may also explain
the different results.
Mozaffarian et al.(14) showed that each additional 1 g/d
intake of ALA is associated with a 58 % lower risk of CHD
events (HR 0·42, 95 % CI 0·23, 0·75) among men with low
n-3 LCPUFA intakes (, 0·1 g/d) and is not associated with
the risk of CHD events among men with higher n-3 LCPUFA
intakes (. 0·1 g/d) (P for interaction¼ 0·0006). In the present
study, among men with n-3 LCPUFA intakes below the
median (, 0·26 g/d), each 1 g/d of ALA intake was associated
with a 27 % lower risk of CHD events (HR 0·73, 95 % CI 0·51,
1·04), but among men with n-3 LCPUFA intakes above the
median, no significant association was observed (HR 0·90,
95 % CI 0·72, 1·12) (P for interaction¼0·92). Furthermore, no
effect modification by the intake of n-3 LCPUFA was observed
among women. Albert et al.(32) have reported an additive
effect of ALA and n-3 LCPUFA, indicating that the lowest
risk of sudden cardiac deaths occurred among those with
the highest intakes of both ALA and n-3 LCPUFA. In the present study, the lowest risk of CHD events and deaths was
observed among men with high intakes of both ALA and
n-3 LCPUFA, although it was not significant. However, the
lowest risk of CHD events was observed among women
with low ALA intakes and high n-3 LCPUFA intakes (HR
0·83, 95 % CI 0·68, 1·02; P for trend¼0·06) than among
women with low intakes of both types of n-3 PUFA. Although
CHD deaths and CHD events are both atherosclerotic disorders and have common risk factors, we found signs of
differential effect modification by the ingestion of n-3
LCPUFA for the association between ALA intake and risk
depending on whether the outcome was a CHD event or
CHD death. However, ALA may be more important in individuals with low n-3 LCPUFA intakes because these individuals
need ALA, whereas individuals with high n-3 LCPUFA intakes
do not need it to achieve optimal levels of n-3 LCPUFA – so it
may not be so much the feedback inhibition, but the
deficiency of n-3 LCPUFA itself that matters. In our previous
study in Danish men and women(40), we found no effect
modification by the ingestion of n-3 LCPUFA for the association between ALA intake and CHD risk.

Conclusion
In this large pooled study on the association between dietary
ALA intake and CHD risk, an inverse association was observed
among men; however, it was not significant. No consistent
association was observed among women. This is the largest
and most powerful study to evaluate the association between
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ALA intake and CHD risk to date. Given that a higher intake of
ALA was found to reduce the risk of CHD, although only
among men, from a public health point of view, it may be
feasible to increase ALA intake. Rapeseed oil (which is rich
in ALA) is the cheapest oil in many countries and thus can
be used in household cooking by a majority of populations.
However, rapeseed oil is best for raw use (i.e. salad dressing)
and not for heating due to its degree of unsaturation. Other
sources of ALA are, for instance, walnuts and flaxseeds,
although their use is not very common in all populations.
To obtain 1 g of ALA, one has to consume two teaspoons of
rapeseed oil or 15 g of walnuts or 6 g of flaxseeds. Sex differences in prospective cohort studies have received little attention and deserve further investigation.
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